The availability of echocardiography has allowed direct determinations of left ventricular wall thickness and calculation of left ventricular mass. As a result, the past decade has witnessed a remarkable evolution in our understanding of structural changes in the heart. Moreover, cardiac hypertrophy was found to be reversible by some forms of therapy. In general, reduction of left ventricular mass became evident after 8 to 12 weeks of antihypertensive therapy. Sympatholytics (including methyldopa and reserpine), converting enzyme inhibitors (captopril and enalapril), and calcium entry blockers led to significant regression of left ventricular hypertrophy. On the other hand, arteriolar vasodilators (hydralazine, trimazosin, and minoxidil) were not associated with regression of hypertrophy despite adequate blood pressure control. Finally, data regarding diuretics and /3-blockers are controversial. These differences in results among various antihypertensive drugs reflect the multiplicity of factors modulating left ventricular hypertrophy. (Hypertension 9 [Suppl II]: II-65-II-68, 1987) KEY WORDS • echocardiography cardiac performance left ventricular hypertrophy • hypertension From the Cleveland Clinic Foundation, Cleveland, Ohio, and Rush Medical College, Chicago, Illinois. Address for reprints: Fetnat M. Fouad-Tarazi, M.D., Heart and Hyperten-
T HE past decade has witnessed a remarkable evolution in our understanding of structural changes in the heart and arterial system in hypertension. Not only was cardiac hypertrophy found to occur much earlier in hypertension than previously thought, 1 but it was also clearly demonstrated to be reversible by some forms of therapy within a relatively short period of time. 2 This advancement was made possible by the availability of echocardiographic techniques that allowed direct determinations of left ventricular wall thickness and calculation of left ventricular mass. 3 The measurements were shown to be reliable and reproducible over time with adherence to such adequate safeguards as double blind readings, strict application of reading criteria, and use of internal checking measures. 4 The reversibility of left ventricular hypertrophy in humans has been repeatedly demonstrated by many centers. 4 " 7 In general, reduction of left ventricular mass became evident after at least 8 to 12 weeks of antihypertensive therapy, 2 ' 5 ' 6 but the ability to induce this regression varied markedly among otherwise equipotent antihypertensive agents. Secondly, most of the centers demonstrated either a lack of or a relatively poor correlation between the degree of blood pressure control and the regression of left ventricular hypertrophy. 5 " 9 The correlation between mass and pressure reportedly improved by utilizing averages of 24-hour blood pressure recordings rather than casual blood pressure levels, but even then, the index of determina-tion reached only 36% at best. l0 Finally, reversal of left ventricular hypertrophy did not occur equally in all individuals treated with the same medication. 57
Methodological Considerations
Differences in methods may partially account for the diversity of the results among centers. These differences include: age and sex distribution, previous treatment with antihypertensive agents, modes of assessment of hypertrophy by echocardiographic techniques, degree of hypertrophy present at the beginning of the study, reproducibility of results, duration of therapy, presence of control groups, and patient compliance.
No significant data have emerged on the effect of age on regression of hypertrophy. Normally, left ventricular wall thickness increases in older persons as a consequence of decreasing left ventricular chamber size." Whether this has at least a subtle effect on wall stress and its moderation of the stimulus to hypertrophy and its regression has not been assessed. Wall stress has been considered a possible stimulus for the induction of hypertrophic changes. Of the 17 studies we have reviewed, only three assessed changes in calculated systolic wall stress. 4 * 7> l2 This calculation can be derived noninvasively using echocardiographic and blood pressure determinations; it has considerable utility for classification of left ventricular hypertrophy (wall stress maintained within normal limits or inappropriate), a differentiation previously made mainly in terms of the left ventricular radius/thickness ratio.
Treatment of hypertension before initiation of clinical studies may have some bearing on the degree of hypertrophy at the time of initial examination. The baseline blood pressure at that time D-66 ECHOCARDIOGRAPHY SUPPL II HYPERTENSION, VOL 9, No 2, FEBRUARY 1987 may not reflect the degree of hypertrophy present. This discrepancy may decrease the calculated correlations between baseline blood pressure, its evolution with subsequent treatment, and any degree of change in left ventricular mass.
Reproducibility of echocardiographic results may be tenuous if rigid techniques for consistency of measurements are not utilized. These include angulation of the echo beam, 4 ' 13 location of measurement, the convention used for dimension measurement, calculation of wall mass or cross-sectional area, and the variables used to calculate systolic performance of the left ventricle. The use of different blinded observers and consistent technique both have a bearing on the results. The 17 studies we reviewed showed considerable heterogeneity in these methods. The absolute decreases in left ventricular wall thickness, from which calculated wall mass changes were derived, were usually in the order of 1 to 2 mm; this is close to the limits of variability due to measurement errors. 14 Using paired data analysis, averaging the results of two observers, keeping the same technician, and assessing M-mode records from the two-dimensional longaxis view may optimize the reproducibility of serial results.
Few of the studies used only one mode of therapy, and some did not report the specific types or order of administration of antihypertensive agents. Duration of therapy varied from 1 month to 5 years. In only one study did a control group receive a placebo to determine serial changes in wall mass without treatment and in comparison with changes in the treatment group. 10 Ethical constraints in treatment of hypertension may preclude such studies in hypertensive patients, but within the context of each laboratory, it would be beneficial to have data available about the reproducibility of wall measurements in serially studied control normotensive subjects. Only one study gave that information.
The use of M-mode echocardiographic data to assess global left ventricular systolic function is potentially treacherous, especially when segmental wall motion abnormalities are present. Although patients with cardiac disease associated with wall motion abnormalities were excluded from most of these studies, these findings are not assured unless appropriate two-dimensional visualization was used. Only two studies mentioned routine use of two-dimensional technique, and then only to direct the M-mode beam for diastolic measurements 15 ' 16 -not to determine systolic performance. Also, the evidence in other studies of asymmetric hypertrophy in hypertension suggests that M-mode study may not completely reflect the degree of hypertrophy and its regression in a minority of hypertensive subjects.
Evaluation of these studies suggests that large-scale interinstitutional studies of hypertrophy using individual classes of antihypertensive agents are desirable and can be readily accomplished provided agreement on echocardiographic methodology is reached.
Regression of Hypertrophy and Antihypertensive Medications
Sympatholytics, including methyldopa and reserpine, have been found to be associated with significant regression of left ventricular hypertrophy (Table I) . 17 ' 18 A particularly important observation was that addition of small doses of methyldopa to diuretics led to significant reduction of left ventricular mass with little change in blood pressure. 3 Converting enzyme inhibitors, such as captopril 19 and enalapril, 4 ' l6 and calcium entry blockers 20 have also led to significant regression of hypertrophy. On the other hand, vasodilators such as hydralazine and trimazosin 21 ' u were not associated with regression of hypertrophy despite adequate blood pressure control; exceptions were reported when a vasodilator was used with a /5-blocker or methyldopa. 23 Diuretics usually did not reduce left ventricular mass, 21 ' a except in isolated cases. 26 As regards /3-blockers, initial studies were controversial, but evidence is accumulating that they may indeed be effective. 27 " 29 The reasons for the disparities among these studies have not been fully clarified.
Continued studies of these two forms of antihypertensive therapy are helping develop a better understanding of the balance of factors involved in regression of left ventricular hypertrophy. Most evidence from animal 30 and human 21 studies has revealed only minimal changes in left ventricular mass during diuretic treatment. More recent studies suggest, however, that this conclusion needs to be modified. Two factors seem relevant in that respect, the duration of treatment 31 and, possibly, the mechanism of blood pressure control. Both factors also emerged in recent studies of /3-blockers: 32 reduced systemic resistance and a marked, sustained reduction in blood pressure may have particular relevance in the reversal of left ventricular hypertrophy. Modulating factors can accelerate or interfere with regression of left ventricular hypertrophy, but a marked and sustained decrease of left ventricular afterload could by itself lead to regression of hypertrophy if maintained for long periods of time and if predominantly due to a reduction of systemic resistance.
Functional Aspect of Regression of Hypertrophy
In humans, most studies report that left ventricular ejection fraction and fractional shortening were unchanged by reduction of left ventricular mass following antihypertensive therapy. However, these studies do not clearly dissociate the effects of blood pressure reduction from those of regression of left ventricular hypertrophy. Further, adequate assessment of the functional consequences of a reduction in left ventricular mass must consider not only variations in arterial pressure levels but also any concomitant change in left ventricular wall thickness and diameter since left ventricular wall stress is determined by all three variables. Fortunately, a quantitative estimate of the interaction of these factors can be obtained from sequential, noninvasive studies in humans/ 133~35 Simultaneous determination of auscultatory systolic arterial pressure and of echocardiographic left ventricular dimensions allows calculation of left ventricular systolic stress and pump performance. In fact, many investigators have repeatedly demonstrated a close inverse relationship between left ventricular end-systolic stress and left ventricular fractional shortening ( Figure 1 ). This correlation could be utilized to determine whether alteration in cardiac performance concomitant with changes in left ventricular mass is appropriate to or goes beyond changes in left ventricular wall stress.
In our experience, the relationship between left ventricular end-systolic stress and left ventricular fractional shortening was basically unchanged during peak reduction in left ventricular mass, confirming that regression of hypertrophy was not associated with deterioration of left ventricular pump function ( Figure  2 ). Although this conclusion is common to most reports in the field, more studies are needed to assess the effect of regression in left ventricular hypertrophy on ventricular performance under rapid increases in load (e.g., in response to exercise, exacerbation of hypertension, or recurrence of hypertension after initial blood pressure control).
